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ABSTRACT 
Droughts are a natural problem in the Northeastern Brazilian region, in addition the rainfall distribution poorly distributed 
spatially and temporally results in seasonal changes in the surface vegetation. Consequently, the monitoring and 
evaluation of vegetation in the northeast region of Brazil has become increasingly constant. For this evaluation several 
techniques are used, but the use of environmental satellites is increasingly applied, such as the Landsat 8 satellite, 
where the products generated for the calculation of the Normalized Difference Vegetation Index (NDVI) were used. 
In this circumstance, the objective of this work was to evaluate the vegetation behavior through the NDVI and to 
analyze the interaction of the same with the occurrence of precipitation in the municipality of Remanso-BA throughout 
the year 2016. For the calculation and elaboration of the thematic maps of NDVI were respectively, the software Erdas 
9.2 and Qgis 2.14.2. In the study, 11 images of the Landsat 8 satellite corresponding to orbit 218 and quadrant 067 were 
used. The results showed high NDVI values in the rainy season, while in the dry season the values were lower, a 
significant reduction occurred during the year in the area of body of water in which is the Lago de Sobradinho. It was 
also evident the decrease of dense vegetation in the first months of the year and the increase of areas devoid of 
vegetation due to lack of rain. However, the variations of NDVI were due to the occurrence of precipitation over the 
period studied. 
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Introduction 
 
In a certain area of the Brazilian Northeast (NEB) 
the problem of droughts has become more and 
more frequent with the course of the years, thus, 
monitoring studies have been carried out to analyze 
the vegetative behavior and modifications resulting 
from anthropic action on different surfaces. The NEB 
has nuclei susceptible to desertification covering 
the area of 8 states (LOPES et al., 2012), an area 
known as a drought polygon, and because it is an 
extensive area, remote sensing data have been 
fundamental in this type of study area (RIBEIRO et 
al., 2015). 
The use of products obtained through medium 
resolution satellites, such as Landsat 8-OLI, allows the 
monitoring of vegetation in great territorial 
expansion and with a small temporal space. The 
spectral images captured at the visible and near 
infrared wavelength resulting from the Operational 
Land Imager (OLI) sensor can calculate the 
Normalized Difference Vegetation Index (TUCKER, 
1985) and the surface mapping, whether 
vegetated or devoid of plant cover, as exposed 
ground, urban area, etc. One of the most used 
indexes is the NDVI, which according to Tasumi 
(2003) is an indicator of vegetation density 
conditions, being calculated by the near infrared 
reflectance and the red. 
The polygon of the droughts presents an irregular 
rainfall regime at time and space (GONZAGA et al., 
2011) with months having a greater intensity of 
precipitation and others with a scarcity. In addition, 
NEB presents changes in the rainfall regime due to 
global scale phenomena such as El Niño 
(MENDONÇA and DANNI-OLIVEIRA, 2007), resulting 
in a significant decrease in monthly rainfall totals, 
which in turn generates a water attenuation in the 
ground (Freitas et al., 2016). 
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Therefore, the objective of this study was to 
evaluate the behavior of the Normalized Difference 
Vegetation Index calculated through spectral data 
obtained through the Operational Land Imager 
sensor on the environmental satellite Landsat 8, 
analyzing the interaction of NDVI and rainfall in 
Remanso- BA. 
 
Material and Methods 
 
Study Area 
 
The studied area comprises the municipality of 
Remanso in the state of Bahia (Figure 1), being 
partially inserted within the São Francisco River 
Basin, where, to the south the municipality makes a 
bank with the bed of the river, and makes a border 
to the north with state of Piauí, totaling an area of 
4,693,505 Km², which corresponds to 0.82% of the 
state of Bahia, with elevation of topography varying 
up to 398 m of altitude with respect to the average 
level of the sea, having the following coordinates: 
Latitude 09 ° 37' 19" S and Longitude 42 ° 04' 51" W. 
Due to it’s coordinates, the municipality is located 
within the region where the native vegetation of 
Caatinga and Cerrado (OLIVEIRA, 2003) 
predominates, with a degree of soil degradation. 
Regarding the economic point of view, Remanso-
BA is the largest sheep farmer, so it has large pasture 
areas for livestock (SANTANA, 2007). 
 
Figure 1 - Map of the location of Remanso-BA 
municipality in the São Francisco River Basin. 
For the spatial analysis of the vegetation index in 
the municipality, regions were identified in the RGB 
composition (band 5 - Red, band 4 - Green, band 3 
- Blue), in which they represent different types of 
land use and cover, in order to observe the changes 
covered by thematic maps. Figure 2B Sobradinho 
Lake, which due to the Sobradinho Dam spillway, 
shows a variation in the soil cover, passing from the 
area with Corpo D'água to silting, Figure 2C Dense 
Vegetation with the presence of native tree species 
and urban 3D Figure occupied by houses, buildings, 
etc. 
Figure 2. Identification of points with different soil 
cover: (A) Underground vegetation, (B) Sobradinho 
Lake, (C) Dense Vegetation and (D) Urban Meshes. 
 
For the elaboration of this work 11 images 
captured by the Sensor Operational Land (OLI) 
were used on board the Landsat 8 satellite, where 
the sensor presents spectral resolution 
improvements compared to the predecessor 
sensors. The products generated with the OLI sensor 
represent nine multispectral bands with spatial 
resolution of 30 meters (bands 1 to 7 and 9) and 15 
meters (band 8) the part of thermal sensor TIRS 
(Thermal Infringed Sensor), has two spectral sides 10 
and 11). In the present study, bands 5 and 4, 
respectively, the Near Infrared (0.85 - 0.88 μm) and 
Red (0.64 - 0.67 μm) channels of the OLI sensor were 
used to calculate the vegetation index. The images 
analyzed correspond to the satellite passages in the 
067 quadrant and the orbit 218 on the following 
dates: February 23, 26 March, April 27, May 13, June 
14, July 16, August 17, September 18, October 4, 
November 5, and December 23, all of the year 2016. 
All images were downloaded through the Site Earth 
Explored by the US Geological Survey (USGS, 2017). 
In order to perform the satellite image 
processing, Erdas 9.2 software was used in the 
Model Maker function and for the elaboration of the 
Normalized Difference Vegetation Index (NDVI) 
thematic maps the free software QGis 2.14.2 in the 
Laboratory of Remote Sensing and Applied 
Geoprocessing (SENSORGEO). The steps performed 
to calculate the NDVI are described in the following 
flowchart (Figure 3). 
 
Figure 3- Flowchart of the steps of the procedure for 
the calculation of the NDVI and interpretation of the 
results. 
 
 
 
Calculation of Monochromatic Reflectance (𝛒𝛌,𝐛) 
 
The initial step was to compute the 
Monochromatic Reflectance (ρλ, b) of side 5 and 4 
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of the sensor used in this research, according to 
Allen et al. (2002a) is defined as the ratio between 
the reflected radiation and the incident radiation, in 
which the fluxes characterize the reflectance at the 
top of the Earth's atmosphere, calculating with the 
information present in each pixel of the spectral 
sides of the images. In this way the sides (5 and 4), 
as suggested by Chander & Markham (2003), were 
calculated: 
 
ρλ,b =  
Addref,b+Multref,bNDb
𝐶𝑜𝑠𝜃∙𝑑𝑟
          (Eq. 01) 
 
Where Addref, be Multref, b symbolize the terms 
Additives and Multiplicatives of relectance, 
respectively for each satellite side used in this 
calculation. The values of both terms (Addref, be 
Multref, b) are arranged through the metadata files, 
where Even accompanies the satellite images after 
the download. Values have constant values, -0, 
1000 for Addref, and 2 * 10^-5 for Multref, b. 
The term NDb represents the intensity of variation 
of the side pixels in grayscale, where for Landsat-8, 
NDb varies between 0 and 65365; The Cosθ is the 
zenital angle pertinent to the earth-sun vector, 
which is also obtained in the metadata file of the 
images; While dr corresponds to the inverse of the 
square of the distance earth sun calculated through 
Equation 02. 
 
𝑑𝑟 = 1 + 0,033 ∙ cos (
𝐷𝐽∙2𝜋
365
)           (Eq. 02) 
 
Where the angle of the equation is calculated in 
radians as a function of the Julian Day (JD) of the 
year. 
  
Calculation of the Normalized Difference 
Vegetation Index (NDVI) 
 
Proposed by Tucker (1979) the Normalized 
Difference Vegetation Index makes it possible to 
observe the density of the vegetation cover of a 
given area through different enhancements (ALVES 
et al 2015, FREITAS et al. 2016). The calculation of the 
IVDN was done using the Monochromatic 
Reflectance computing results. The INDV according 
to Allen et al. (2002a) corresponds to the ratio 
between the near infrared monochromatic 
reflectance (band 5 ρλ, IVP) and red (band 4 ρλ, V) 
of Landsat 8 - OLI, as presented in equation 03. 
 
NDVI =
ρλ,IVP−ρλ,V
ρλ,IVP+ρλ,V
             (Eq.03) 
 
Pluviometric Data 
 
The pluviometric regime is a preponderant factor 
in the dynamics and variability of the vegetative 
behavior of a region, the monthly rainfall for 2016 
and the climatological normal of the region in the 
period from 1961 to 1990 according to the data of 
the meteorological station Remanso-A423 , were 
obtained through the website of the National 
Institute of Meteorology (INMET, 2017). Monthly and 
daily precipitation data were used to analyze the 
occurrence of precipitation antecedent to the 
passage of the satellite. The information on these 
rainfall values was related to the NDVI values, since 
the rainfall volume can significantly result in the 
vegetative behavior of an área, in other words, the 
higher the rainfall intensity the greater the 
vegetation vigor, and the lower the rainfall intensity, 
the lower the vigor of the vegetation, due to the 
water requirement.  
           
Results and Discussion 
 
Climatology of the Region 
 
Figure 3 shows that the month of January 2016 
presented greater rainfall accumulation, above the 
climatological normal with 398.5 mm, it was also 
verified that in the months of September and 
November the monthly accumulation was higher 
than expected, 13.5 Mm and 105.9 mm, 
respectively. In the other months the volume of  
monthly precipitation observed a significant 
negative anomaly, as in the months of February, 
March, April, October and December, where these 
anomalies can be explained due to the El Niño 
phenomenon in strong intensity during these periods 
with Niño oceanic Index of 1,6 (GGWEATHER, 2017), 
so the pluviometric pattern was changed. In many 
cases, the link between El Niño and dry matter in the 
Brazilian Northeast (NEB) is observed in episodes of 
strong El Niño, significantly influencing the northern 
region of Bahia (ARAGÃO, 1990) as the case of 
Remanso-BA municipality that is inserted in this area. 
 
Figure 3 - Monthly pluviometric variation in 2016 and 
climatological norm made in the period 1961-1990, 
in the municipality of Remanso in Bahia. 
 
According to the monthly pluviometric volume 
of 2016, the municipality of Remanso-BA had a 
pluviometric regime divided into two periods, rainy 
in January, February and November, and dry for the 
other months. 
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Precipitation Background 
 
The vegetation cover in areas of Caatinga is 
strongly related to the rainfall volume, so the 
occurrence of precipitation before the passage of 
the satellite sensor may alter the vegetative vigor, 
resulting in higher values of IVDN. Figure 4 shows the 
occurrence of precipitation antecedent (10 days) 
the passage of the satellite, therefore, making it 
possible to analyze the rainfall interference in the 
IVDN values, in which was verified seasonal 
vegetative behavior. In Figure 4 it is possible to 
observe between March and September no 
precipitation value was registered that would 
interfere with the analysis, this period is considered a 
dry period for Remanso-BA with precipitations 
below 12 mm monthly. In the month of February 
were observed two days with precipitation that also 
corresponded all monthly accumulation of 
February with 45 mm. In the month of October the 
accumulated antecedent of precipitation to the 
passage was of 13,5 mm and December 9,8 mm. 
Regarding the previous precipitation the image of 
the day November 5 also did not record 
accumulated pluviometric. 
 
Figure 4 - Accumulated antecedent precipitation 
(mm) to the dates of the Landsat-8 - OLI satellite 
passages. 
 
Vegetation Index of Normalized Difference 
 
Table 1, shows the vegetation index ranges, 
classified according to the analysis between the 
IVDN values found in the calculation and the RGB 
Composition of the images used in this work. 
 
Table 1 - Relation between the values of Vegetation Index of 
the Normalized Difference and the type of cover of the 
ground. 
Type of coverage NDVI 
Sobradinho Lake (water body) -1.0 - 0.0 
Urban Mesh 0.0 - 0.15 
Sedimentation/ Exposed Ground 0.15 - 0.30 
Pothole Vegetation/ Scare 0.30 - 0.45 
Dense Vegetation 0.45 - 0.60 
 
Figure 5 presents the results generated with the 
IVDN values spatially distributed to the Municipality, 
during the dates referring to the passage of the 
satellite on February 23 and December 25, 2016, 
respectively corresponding to the rainy season; 
which had higher cumulative values of previous 
precipitation, as well as higher vegetation indexes. 
The values of IVDN in the green color representing 
dense vegetation were higher observed on 
February 23, 2016 with a large spatial distribution, 
ranging from 0.45 - 0.60, in addition to areas with 
light green undergrowth with values between 0 , 30 
- 0.45, while in the IVDN urban mesh area between 
0.0 - 0.15 in red color. The negative values presented 
areas of water bodies, blue color in thematic maps, 
much of this hue is seen in the Sobradinho Lake, 
being remarkable that the same in Figure 5A is 
occupying an extensive area of the margins of the 
municipality. As it was a scene captured on 
February 23, the region before the satellite had a 
cumulative total of 443.5 mm that resulted in high 
IVDN values. This association of precipitation with 
IVDN corroborates with Barbieri et al. (2009), which 
according to the author, regions that predominate 
the Caatinga type vegetation, the high results of 
IVDN are directly associated with the occurrence of 
rainfall. In the scene taken on December 25, 2016 
(Figure 5B) a significant reduction in the area where 
water bodies were present resulted in an extensive 
silting region with IVDN between 0.0 - 0.15 similar to 
the area value Urban, still on the Sobradinho lake is 
seen in the margins the yellow color that presents 
result of IVDN between 0,15 - 0,30, indicating region 
of exposed soil, Freitas et al. (2016) in an area study 
with Caatinga biome in the municipality of 
Cabrobó - PE, found an index for exposed soil 
varying between 0.14 - 0.15, which corroborates 
with the present study. Differently from Figure 5A, the 
predominance in green color was reduced more 
evident at the following coordinates 9º 18.60 'S / 42º 
10.80' W and 9º 30.0 'S / 41º 59.40' W, with high 
density of IVDN values represented in green color, 
due to the presence of shrub Caatinga. In the other 
areas, the predominant variation was 0.30 - 0.45. 
Due to the precipitation intensity (114 mm) the IVDN 
values were reduced spatially. 
 
Figure 5 - Thematic map of vegetation index of the 
normalized difference on 02/23/2016 (A) and 
12/25/2016 (B) 
 
(A) 
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(B) 
In the next figure are arranged the images 
referring to the beginning of the dry period, which 
begins in the month of March and extends until the 
month of October. In Figure 6A, which has the IVDN 
values computed for March 26, 2016, it also showed 
intense greenness in all areas with variation greater 
than 0.30 - 0.45 and 0.45 - 0.60 in several points, 
however There are areas with lower values such as 
IVD water body margins between 0.15 - 0.30. 
Despite the fact that March did not have high 
rainfall values, the vegetative vigor observed was 
due to the water availability in the ground, due to 
the large volume of precipitation in the previous 
months. In Figure 6B, for the date April 27, 2016, a 
spatial reduction of the index is observed, in which 
values for exposed ground (0.15 - 0.30) to the west 
of the map predominate and the margins of 
Sobradinho Lake with greater Density in yellow 
color; And undergrowth (0.30 - 0.45), while the 
greener-colored surfaces of arboreal vegetation 
(dense vegetation) prevailed. 
 
Figure 6 - Thematic map of vegetation index of the 
normalized difference on 03/26/2016 (A) and 
04/27/2016 (B) 
      (A) 
(B) 
Figure 7 presents IVDN values on May 13 (Figure 
7A) and June 14, 2016 (Figure 7B), these values 
obtained within the dry period. Figure 7A shows that 
the results of IVDN with variation between -1.0 - 0.0 
continued to reduce spatially, which indicates the 
decrease of the water body, as well as the 
coverage of the surface that underwent greater 
ground influence resulting in values of IVDN for 
exposed ground (0.15 - 0.30) both to the west of the 
map and to the east. In places of dense vegetation 
the green color shade also reduced, being seen 
only in some isolated spots. In Figure 7B, due to the 
rainfall deficiency in the previous dates, the values 
of IVDN were lower, resulting in a predominance in 
yellow color with IVDN between 0.15 - 0.30; In the 
areas where dense vegetation was previously, the 
values decreased to 0.30 - 0.45 and with the 
presence of silting points in Sobradinho Lake, 
represented in red color, corresponding values were 
between 0.0 - 0.15 
 
Figure 7 -  Thematic map of vegetation index of the 
normalized difference on 05/13/2016 (A) and 
06/14/2016 (B). 
 
(A) 
 
(B) 
 
In Figure 8, it is possible to analyze visually the 
progress in changing scenarios, with decreasing 
IVDN values in the spatial coverage of the area, with 
shades of yellow (IVDN = 0.15 - 0.30) and red color 
with lower density ( IVDN = 0.00 - 0.15) as of July 16, 
2016 (Figure 8A), while in Figure 8B the density of 
pixel for IVDN values between 0.0 - 0.15 was much 
more prominent. 
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Figure 8 - Thematic map of vegetation index of the 
normalized difference on 07/16/2016 (A) and 
08/17/2016 (B). 
 
(A) 
 
(B) 
 
In the image for September 18, 2016 (Figure 9A), 
it is still seen the range of the index 0.0 - 0.15 and 0.15 
- 0.30, but it is notable to observe that the sites that 
had dense vegetation at water requirement 
resulted in IVDN values between 0.30 - 0.45 with little 
light green density. Already in the image for 
October 4, 2016 (Figure 9B) it is possible to observe 
light green color tones in larger coverage, as well as 
the spatial reduction of areas with IVDN between 
0.0 - 0.15, this change was due to the occurrence of 
precipitation preceding the passage of the satellite, 
accumulating 13.5 mm. 
 
Figure 9 - Thematic map of vegetation index of the 
normalized difference on 09/18/2016 (A) and 
10/04/2016 (B). 
(A) 
 
(B) 
 
The IVDN result for November 06, 2016 (Figure 10) 
resulted in a larger spatial distribution of IVDN 
between 0.0 - 0.15 along Lake Sobradinho, being 
considered the month with the highest sediment 
among all the images used In the analysis, besides 
the maximum reduction of the negative values of 
IVDN that represent body of water. Still, in the 
picture it is possible to see higher values and higher 
density (IVDN = 0.45 - 0.60) , showing the 
development of dense vegetation after the need of 
the dry period studied. 
 
Figure 10- Thematic map of vegetation index of the 
normalized difference on 11/06/2016. 
 
In the next Figure the histogram of relative 
frequency of the classes determined in the study is 
arranged, where each month represents each 
image used. Figure 11 shows that the class 
representing water bodies over the area of the 
municipality of Remanso-BA had a decrease during 
the year, where in February it occupied 9% of the 
total area of the municipality, started to occupy 
value Minimum of 2% in the month of December. On 
the other hand, the IVDN class between 0.0 - 0.15 
the maximum frequency found was at the end of 
the dry season with 3% in November due to the 
great reduction of the water body of the area. In 
the class of 0.15 - 0.30 the frequency increased 
during the year, from minor values (12% in February) 
from rainy season to higher values in the dry period 
(77% in September), observed although this same 
class increased its frequency according to the 
pluviometric deficiency, where in November with 
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the rainfall volume of 105.9 mm resulted in a 
decrease of the class frequency in the month of 
December. The frequency of the class between 0.30 
- 0.45 showed a growth until the month of May with 
59%, decreasing and returning to have higher 
values of frequency after the occurrence of 
precipitation, as seen in the month of September. 
The fifth and last class of IVDN between 0.45 - 0.60 
presented higher frequency within the rainy season 
with 76% in the month of February and 52% in the 
month of December, it is still verified that the class in 
the color seen is inversely proportional to the class in 
light green during the period between February and 
June, indicating that the vegetation with greater 
vigor passed to less dense vegetation. 
 
Figure 11 - Frequency of IVDN classes and rainfall 
volume for the year 2016. 
 
Conclusions 
 
The use of remote sensing techniques and data 
from the OLI - Landsat 8 sensor, it was possible to 
analyze the seasonal vegetative behavior through 
the Normalized Difference Vegetation Index (IVDN) 
with favorable values on ground cover in Remanso 
- BA municipality. 
The changes in the values of IVDN in the region 
of Remanso-BA were strong and related to the 
intensity of the pluviometric volume, in which the 
months with the highest volume of precipitation 
resulted in higher indices, whereas in the dry months 
the indices were lower, with regard to the water 
needed to maintain the greenness of the native 
vegetation. The changes in the values of IVDN in the 
region of Remanso-BA were strong and related to 
the intensity of the pluviometric volume, in which the 
months with the highest volume of precipitation 
resulted in higher indices, whereas in the dry months 
the indices were lower, result of the water need to 
maintain the greenness of the native vegetation.. 
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